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6WXG\RQWKHSKHQRPHQDRIWKHFRPPHUFLDOUHYHUVHRVPRVLVPHPEUDQHLQRVPRWLFDOO\
GULYHQPHPEUDQHSURFHVV
<,3DUN0(&KR6(1DP%6.LP
.RUHD5HVHDUFK,QVWLWXWHRI&KHPLFDO7HFKQRORJ\5HSXEOLFRI.RUHD
2VPRVLVLVWKHWUDQVSRUWRIZDWHUDFURVVDVHOHFWLYHO\SHUPHDEOHPHPEUDQHIURPDUHJLRQ
RIKLJKHUZDWHU FKHPLFDO SRWHQWLDO WR D UHJLRQRI ORZHUZDWHU FKHPLFDO SRWHQWLDO7KHRVPRWLF
SUHVVXUHLVKLJKO\LQIOXHQFHGE\WKHSURSHUWLHVRIVHPLSHUPHDEOHPHPEUDQHDQGWKHGLIIHUHQFH
EHWZHHQWKHFRQFHQWUDWLRQVRIWKHWZRVROXWLRQVKDVDODUJHHIIHFWRQRVPRWLFSUHVVXUH,QWKH
RVPRWLFDOO\ GULYHQ PHPEUDQH SURFHVV WKH VHPLSHUPHDEOH PHPEUDQH LV WKH NH\ FRPSRQHQW
DQGWKHUHTXLUHPHQWVIRUDJRRGRVPRWLFDOO\GULYHQPHPEUDQHDUHKLJKHUZDWHUIOX[ZLWKDORZ
VDOWSHUPHDELOLW\$OWKRXJKPDQ\ UHVHDUFKHUVZRXOG VXJJHVW WKHUH LVVWLOO ODFNRIH[SHULPHQWDO
LQYHVWLJDWLRQVWRHQVXUHWKHVXFFHVVRIRVPRWLFDOO\GULYHQPHPEUDQHSURFHVV3HLQHPDQQHWDO
UHSRUWHG WKDW WKH SRZHU GHQVLW\ZDV RSWLPL]HG IRU DV\PPHWULF FHOOXORVH DFHWDWH DQG WKLQ ILOP
FRPSRVLWHVDQGPHPEUDQHSHUIRUPDQFHKDV WREH LPSURYHG >@0F&XWFKHRQHWDO IRXQG WKH
LPSRUWDQFHRIFRQVLGHUDWLQJVXSSRUWOD\HUK\GURSKLOLFLW\IRURVPRWLFDOO\GULYHQSURFHVV>@
7KH SUHVHQW ZRUN IRFXVHG RQ WKH LQYHVWLJDWLRQ RI WKH SKHQRPHQRQ WKURXJK DV\PPHWULF
UHYHUVH RVPRVLV PHPEUDQH LQ RVPRWLFDOO\ GULYHQ PHPEUDQH SURFHVV 7KH LPSDFW RI
FRQFHQWUDWLRQ SRODUL]DWLRQ &3 RQ SHUPHDWH ZDWHU IOX[ DQG VDOW SHUPHDELOLW\ WKURXJK WKH
DV\PPHWULFPHPEUDQHDWGLIIHUHQWRSHUDWLQJFRQGLWLRQVVXFKDVRSHUDWLRQWLPHWKHIORZUDWHRI
WKHGUDZVROXWLRQWKHK\GUDXOLFSUHVVXUHDQGFRQFHQWUDWLRQRIWKHGUDZVROXWLRQZHUHDQDO\]HG
&RPPHUFLDO WKLQ ILOP FRPSRVLWH 7)& VHDZDWHU UHYHUVH RVPRVLV 6:52 DV\PPHWULF
PHPEUDQHV :RRQJMLQ FKHPLFDO &R /WG ZHUH XVHG DV PHPEUDQH ZKLFK LV WKLQ ILOP
FRPSRVLWH 7)& W\SH VWUXFWXUH FRPSRVHG RI D DFWLYH OD\HU RI SRO\DPLGH 3$ IRUPHG E\
LQWHUIDFHSRO\PHUL]DWLRQRQSRURXVSRO\VXOIRQHVXSSRUW6RGLXPFKORULGHZDVXVHGDVWKHVROXWH
RI WKH GUDZ VROXWLRQ DQG WKH FRQFHQWUDWLRQ RI GUDZ VROXWLRQ ZDV   DQG  ZW
'HLRQL]HGZDWHUZDVXVHGDVWKHIHHGVROXWLRQ7KHIORZUDWHVRIGUDZVROXWLRQZHUHFRQWUROOHG
XVLQJD+3/&SXPS7KHK\GUDXOLFSUHVVXUHRI WKHGUDZVROXWLRQZDVFRQWUROOHGXVLQJDEDFN
SUHVVXUH UHJXODWRU DQG WKH FRQFHQWUDWLRQV RI WKH GUDZ VROXWLRQ DQG IHHG VROXWLRQ ZHUH
PHDVXUHG XVLQJ WKH FRQGXFWLYLW\ PHWHU 7KH IOX[ LQWR WKH GUDZ VROXWLRQ ZDV PHDVXUHG E\
HOHFWURQLFEDODQFHLQUHDOWLPH
)LJ  VKRZV WKH ZDWHU IOX[ DQG WKH FKDQJHV LQ LRQ FRQFHQWUDWLRQ DW WKH IHHG VLGH ZLWK
UHVSHFW WR WKHRSHUDWLQJ WLPH8VLQJDZW1D&OVROXWLRQDWDQGP/PLQZLWKQR
SUHVVXUH LQ WKH GUDZ VROXWLRQ WKH ZDWHU IOX[ LQFUHDVHG DV WKH IORZ UDWH RI WKH GUDZ VROXWLRQ
LQFUHDVHGZKLOHWKHIOX[VORZO\GHFUHDVHGRYHUWLPH7KHLQFUHDVHLQZDWHUIOX[DVWKHIORZUDWH
RI WKH GUDZ VROXWLRQ LQFUHDVHG ZDV GXH WR WKH GHFUHDVH LQ WKH H[WHUQDO FRQFHQWUDWLRQ
SRODUL]DWLRQ(&3DWWKHDFWLYHOD\HU,QDGGLWLRQWKHGHFUHDVHLQZDWHUIOX[ZLWKUHVSHFWWRWLPH
LVDUHVXOWRIWKHZDWHUVZHOOLQJORRVHQLQJWKHSRO\PHUFKDLQRIWKHSRO\DPLGHDFWLYHOD\HU7KH
ULJKWKDQGSLFWXUHLQ)LJVKRZVWKHUHVXOWVIURPFRQGXFWLYLW\PHDVXUHPHQWDWWKHIHHGVLGH,W
ZDVQRWLFHGWKDWWKHVDOWLRQVRIWKHGUDZVROXWLRQWUDYHUVHYLDEDFNGLIIXVLRQZKLFKUHGXFHVWKH
HIIHFWLYHRVPRWLFSUHVVXUHGLIIHUHQFHDFURVVWKHPHPEUDQH7KDWLVWKHGHFUHDVHLQZDWHUIOX[
RYHUWLPHWKURXJKFRPPHUFLDOL]HG52PHPEUDQHLQWKH352PRGHLVOLNHO\GXHWRDQLQFUHDVHG
LQWHUQDOFRQFHQWUDWLRQSRODUL]DWLRQ,&3HIIHFWE\WKHUHYHUVHVDOWGLIIXVLRQ
)LJ D VKRZV WKH ZDWHU IOX[ RI WKH SRO\DPLGH WKLQILOP FRPSRVLWH 7)& W\SH 6:52
PHPEUDQHXQGHUWKHK\GUDXOLFSUHVVXUHRIIURPWRN3D$VROXWLRQRIZW1D&OZDV
XVHG DV D GUDZ VROXWLRQ DQG',ZDWHUZDV XVHG DV IHHGZDWHU $V FDQ EH H[SHFWHG DV WKH
SUHVVXUHLVLQFUHDVHGIURPN3DWRN3DDWWKHGUDZVROXWLRQVLGHWKHZDWHUIOX[VKRZHG
DWHQGHQF\WRGHFUHDVH+RZHYHUWKHZDWHUIOX[DWN3DZDVORZHUWKDQWKDWDWN3D6XFK
SKHQRPHQD PD\ EH GXH WR WKH FKDUDFWHULVWLFV RI WKH DV\PPHWULF 52 PHPEUDQH ZLWK D
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SRO\DPLGH FRDWLQJ RQ WKH SRO\VXOIRQH SRURXV VXSSRUW E\ LQWHUIDFLDO SRO\PHUL]DWLRQ 7KH 7)&
W\SH 52 PHPEUDQH XVHG LQ WKLV VWXG\ LV RSHUDWHG XQGHU URXJKO\ WZRIROG KLJKHU SUHVVXUH
DERYH  EDU UHODWLYH WR WKDW RI WKH WKHRUHWLFDO RVPRWLF SUHVVXUH RI D JHQHUDO VHDZDWHU
GHVDOLQDWLRQSURFHVVDERXWEDULQFDVHRIZW1D&OR&UHVXOWRI9DQ¶W+RIIHTXDWLRQ
,Q VXFK D SURFHVV WKH VDOW UHMHFWLRQ VKRZV DQ LQFUHDVLQJ WUHQG DVZDWHU IOX[ LQFUHDVHV 7KH
LQFUHDVH LQZDWHUIOX[VHHPVRQO\QDWXUDODVSUHVVXUHLQFUHDVHV+RZHYHU WKH LQFUHDVH LQWKH
VDOWUHMHFWLRQLVGXHWRWKHFRPSDFWLRQRIWKHSRO\PHUFKDLQRQWKHSRO\DPLGHRQWKH7)&W\SH
52PHPEUDQH IURP WKH LQFUHDVHGRSHUDWLQJ SUHVVXUH:KHQ WKH7)& W\SH52PHPEUDQH LV
GULHG DQG LQHUW JDV LV SDVVHG WKURXJK .QXGVHQ GLIIXVLRQ ZKLFK WKHRUHWLFDOO\ DSSOLHV WR
PHPEUDQHV ZLWK SRUHV  QP   QP WDNHV SODFH 7)& W\SH 52PHPEUDQH ZLWK D SRURXV
VXSSRUWFRDWHGZLWKDSRO\DPLGHDFWLYHOD\HUVZHOOVIURPZDWHUDQGLWFRPSDFWVIURPWKHKLJK
SUHVVXUH DQG WKH VDOW UHMHFWLRQ LQFUHDVHV 7KHUHIRUH WKH GUDZ VROXWLRQ VLGHZLWK QR SUHVVXUH
VKRZV ORZHU ZDWHU IOX[ WKDQ WKDW ZLWK  N3D GXH WR WKH DEVHQFH RI FRPSDFWLRQ DW WKH
SRO\DPLGHDFWLYH OD\HU$V WKHFRQFHQWUDWLRQRI1D&O LQ WKHGUDZVROXWLRQ LV LQFUHDVHG WR
 DQG ZW WKHZDWHU IOX[ LQFUHDVHGGXH WR WKH LQFUHDVH LQ RVPRWLF SUHVVXUH ǻʌ DV
VKRZQ LQ)LJ E ,QDGGLWLRQZKHQ WKHFRQFHQWUDWLRQRI1D&O LQ WKHGUDZVROXWLRQZDV
ZWDQGWKHSUHVVXUHN3DZDWHUIOX[ZDVREVHUYHGWRWDNHDQHJDWLYHYDOXHDQGUHVXOWHG
LQEDFNZDWHUSHUPHDWLRQEHFDXVHWKHSUHVVXUHǻ3LVKLJKHUWKDQWKHRVPRWLFSUHVVXUHǻʌ
2VPRWLFDOO\GULYHQPHPEUDQHSURFHVVXVLQJDFRPPHUFLDOSRO\DPLGH3$52PHPEUDQH
UHGXFHGWKHRVPRWLFGULYLQJIRUFHGXHWRWKHSUHVHQFHRIFRQFHQWUDWLRQSRODUL]DWLRQ&37KDW
LV WKH VWUXFWXUH RI DV\PPHWULF 52 PHPEUDQH DWWULEXWHG WR WKH LQWHUQDO FRQFHQWUDWLRQ
SRODUL]DWLRQ ,&3 H[WHUQDO FRQFHQWUDWLRQ SRODUL]DWLRQ (&3 DQG UHYHUVH VDOW GLIIXVLRQZKLFK
UHGXFHWKHHIIHFWLYHRVPRWLFSUHVVXUHGLIIHUHQFH
7KHVH UHVXOWV KDYH VKRZQ WKDW LPSURYLQJ PHPEUDQH GHVLJQ IRU WKH RVPRWLFDOO\ GULYHQ
PHPEUDQH SURFHVV VKRXOG QRW RQO\ IRFXV RQ WKH VWUXFWXUDO SDUDPHWHU EXW RQ WKHPHPEUDQH
PDWHULDO DVZHOO 7KHUHIRUH WKHPHPEUDQH UHTXLUHV WKH VHPL SHUPHDEOH SURSHUWLHV ZLWK KLJK
ZDWHU IOX[DQGVDOW UHMHFWLRQ WKDWDUHQHHGHG WR UHDFK WKHKLJKSHUIRUPDQFHDQG WKHFKRLFHRI
WKHPDWHULDO DQG VWUXFWXUH SDUDPHWHUV VKRXOG EH D NH\ FRPSRQHQW RI WKH RVPRWLFDOO\ GULYHQ
PHPEUDQHGHVLJQ
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)LJ  :DWHU IOX[ D ZLWK LQFUHDVLQJ K\GUDXOLF SUHVVXUH E ZLWK LQFUHDVLQJ WKH
FRQFHQWUDWLRQDWGUDZVROXWLRQVLGHDWGUDZVROXWLRQFRQFHQWUDWLRQRIZW1D&ODQG
IORZUDWHRIGUDZVROXWLRQRIP/PLQ
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